carbohydrates in the standard diets may promote weight gain.
Three recent studies reported that individuals assigned to a hypocaloric lowcarbohydrate diet (with high protein and fat content) lost more weight during a 6-month period than did those assigned to reduced-fat (25%-33%) diets [14] [15] [16] ; however, in the study that was extended to 1 year, no differences in weight loss were demonstrated between the low-carbohydrate and lowfat diet groups after 12 months. 14 Furthermore, in the Women's Health Initiative (WHI) Feasibility Study, women in the low-fat intervention group after 6 months lost weight compared with the usual diet control group. 17 A recent comparison of 4 lowfat and high-fat diets showed that weight changes did not differ at 1 year, 7 but an 18-month comparison of a lowfat and Mediterranean-style diet showed poorer adherence to the low-fat diet. 18 No published data are available on the longer-term effects on body weight of the reduced-fat, higher-carbohydrate diets that are recommended.
The WHI Dietary Modification Trial was designed to examine the longterm benefits and risks of a dietary pattern low in fat, with increased vegetable, fruit, and grain intake, on breast and colorectal cancers and cardiovascular disease in postmenopausal women. 19 Between 1993 and 1998, 48 835 postmenopausal women were randomly assigned to either a low-fat dietary intervention or self-selected dietary control group. 20 This report includes anthropometric and nutrient data through August 31, 2004 , with a mean follow-up of 7.5 years. The intervention aimed to change diet patterns but did not encourage weight loss or caloric reduction. The trial, therefore, pro-vided a unique opportunity to examine the long-term effects of an ad libitum reduced-fat dietary pattern on body weight. In this article, we report longitudinal data on body weight in the intervention and control groups during follow-up and examine the relationships between weight changes and specific changes in dietary components and macronutrient composition.
METHODS
Details of the study design and recruitment methods for the WHI Dietary Modification Trial have been published. 20, 21 Briefly, 48 835 women, nearly 20% of whom were ethnic minorities, between the ages of 50 and 79 years were randomly assigned to the intervention (40%, n = 19 541) or control groups (60%, n=29 294) (FIGURE 1). Exclusions after consent were (1) being unable or unwilling to complete a 4-day food record (after a prerandomization trial run-in), (2) changes in eligibility since the initial screening visit, and (3) a combination of nutritionist judgment and participant reevaluation of interest. The third criterion involved a review between the nutritionist and participant about adherence, willingness to be randomized to intervention or control, and willingness to attend sessions and self-monitor if randomized to intervention. Ethnicity was classified by self-report, using options outlined on the personal data form completed by all participants at baseline.
Eligibility criteria included being 50 to 79 years of age, postmenopausal, and consuming a diet at baseline with fat intake of at least 32% of daily total calories as evaluated by a food frequency questionnaire (FFQ); this latter criterion eliminated approximately 50% of individuals screened. 22 Major exclusions included previous breast cancer, cancers other than nonmelanoma skin cancer in the last 10 years, medical conditions with predicted survival less than 3 years, and adherence concerns such as alcoholism. All women provided informed consent before randomization into the trial, and the study was approved by the institutional review 
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Women assigned to the control group received a copy of the Dietary Guidelines for Americans 23, 24 as well as other diet-and health-related educational materials, but otherwise had no contact with study dietitians. In contrast, women randomized to dietary intervention were assigned to groups of 8 to 15 participants for a series of sessions structured to promote dietary and behavioral changes that would result in reducing total dietary fat to 20% and increasing intake of vegetables and fruit to 5 or more servings and grains (whole grains encouraged) to 6 or more servings daily. Participants were informed that the diet was not intended to promote weight loss and were encouraged to maintain usual energy intake by replacing fat calories with calories from other sources, mainly carbohydrate. Details of the intervention have been published. 22 Eighteen group sessions were scheduled during the first 12 months, after which the session frequency was reduced to 4 per year for the duration of the trial. Individual contacts were completed in person or by telephone or mail for women who could not attend the sessions. Group activities were supplemented throughout the course of the study by an intervention protocol consisting of 3 individual interviews that used reflective listening techniques that were validated in a pilot study at 3 centers, 25 targeted message campaigns, and personalized feedback.
The participants were asked to selfmonitor dietary fat, fruit and vegetable, and grain intake throughout the study. 21 Independent of the dietary intervention, women in both groups were contacted by telephone every 6 months by clinic staff and scheduled to complete annual clinic visits, during which height, weight, and waist and hip circumference were measured. Physical activity was assessed at baseline and years 1, 3, 6, and 9; questions assessed walking and sports, and hours of activity per week were calculated for each participant. Physical activity was ex-pressed as metabolic equivalents (METs) per week for the analyses.
Diet was monitored with the selfadministered WHI FFQ, 21 which was designed specifically for the study. All participants completed an FFQ at baseline and 1 year; thereafter, one third of the participants completed the FFQ each year in a rotating sample so that each participant was asked to complete an FFQ every 3 years. Completion rates were 100% at baseline and thereafter averaged 81% through year 8. Data on diet during follow-up were computed from FFQs obtained during years 5 through 7. Trained clinic staff, who were responsible for anthropometric assessments and administration of FFQs, were blinded to treatment assignments to the extent practical. The dietary intervention staff did not conduct clinical assessments, and clinic staff were not permitted to participate in any intervention activities; participants were instructed not to discuss nutrition activities with clinic staff. Body weight was measured using standardized methods on beam scales at the WHI clinics at baseline and annually throughout the study. Weight measurements during follow-up were unavailable for 727 intervention and 1300 control group women.
For this report, primary analyses using generalized estimating equation methods 26, 27 compared weight change from baseline for all participants to estimate mean weight change across follow-up time, adjusted for various characteristics (age, race/ethnicity, and body mass index [BMI] at baseline and change in both dietary intake and physical activity patterns). These estimating methods allow flexibility in the shape of the distribution of weight change at each follow-up year and allow correlations among the weight changes for a given woman at various follow-up times.
Proportions with missing follow-up data for weight (3.7% and 4.4%) and FFQ (20% and 22%) were similar in intervention and control groups. To address the issue of missing data, the inverse selection probability weighted method was used. 28 Secondary analyses examined the relationship between weight change from baseline and various aspects of dietary patterns during follow-up, using a linear regression model for the mean weight change. Aspects examined included changes in percentage of energy from fat, fruit and vegetable consumption, and fiber intake, with a focus on the ability of these data to provide an explanation for weight-change data. Secondary analyses also were performed, adjusting for energy intake by including total kilocalories at baseline in the model to confirm the strength of any associations found between weight change and change in nutrient intake. To monitor potential weightloss confounders, analyses were evaluated for women who reported having diabetes at baseline (n=2948), women who reported no diabetes at baseline or follow-up (n = 42 859), or women who reported no malignancy at baseline or follow-up (n = 42 003). All analyses were performed with SAS statistical software, version 9.1.3 (SAS Institute Inc, Cary, NC). All tests used an a priori defined .05 level of significance. August 31, 2004 , 2092 (4.3% control and 4.3% intervention) participants were deceased, 1309 had stopped follow-up (2.5% control and 2.9% intervention), and 670 (1.2% control and 1.6% intervention) were lost to followup. Mean follow-up was 7.5 years. Dropout rates (sum of stopped or lost to follow-up) were slightly higher in younger (50-59 years) women (4.7%) and in nonwhite women (6.1%).
RESULTS

As of
Baseline characteristics of the study participants by intervention group are summarized in TABLE 1. The cohort was ethnically diverse, with a mean (SD) age of 62.3 (6.9) years, and included a range of education and income levels. No significant differences were found between the groups for any of the demographic and clinical measures presented. The groups reflect the characteristics of the general population of postmenopausal women throughout the United States, except the women in this trial had somewhat higher income and education and lower smoking rates. 17 Forty-four percent of the women were taking postmenopausal hormone therapy at baseline, and the proportion decreased during the years of follow-up. Compared with whites, the other racial and ethnic groups were younger, and black, Hispanic, and American Indian women had higher BMIs and lower levels of education and income. Diabetes prevalence was higher among black, Hispanic, and American Indian women than among white or Asian/Pacific Islander women (data not shown).
In comparing nutrient intakes at last follow-up visit and baseline (TABLE 2) , only minor (nonsignificant) changes were observed in the average intake and dietary pattern in the control group. Those randomized to the diet intervention reported significant changes in all of the dietary components included in the intervention. Percentage of energy from total, saturated, and unsaturated fat was significantly lower, and percentage of energy from carbohydrate was significantly higher compared with that of control group women during followup. Intake of fiber, vegetables and fruits, total grains, and whole grains also increased significantly from baseline in the intervention group while remaining stable in the control group. Black and Hispanic women decreased fat intake slightly less (6.6% and 5.6%) than did the group as a whole (8.3%), and Hispanic women showed somewhat lower increases in fiber than did the group as a whole (1.5. vs 2.5 g/d).
FIGURE 2 shows change in weight in both groups throughout the study period. Mean weight decreased significantly in the intervention group from baseline to year 1 by 2.2 kg (PϽ.001) and was 2.2 kg less than the control group change from baseline at year 1. This difference from baseline between control and intervention groups diminished over time, but a significant difference in weight was maintained through year 9 (0.5 kg, P = .01); this diminution in the difference between groups was similar if women who died, dropped out, or were lost to follow-up were removed from the analysis (data not shown). There was no evidence of weight gain over the baseline value among women in the intervention group at any follow-up point.
Changes in body weight during the study are shown by racial/ethnic group in Figure 2 . In all racial and ethnic groups, initial weight loss occurred in the intervention group. Decreases in weight from baseline in the intervention vs control group during the course of the study remained significantly different in all years for white women, in year 1 for black women, in years 2 and 5 for Hispanic women, and in years 1, 3, 4, and 6 for American Indian women; in Asian/Pacific Islander women, the differences were not significant. All anthropometric data for each ethnic group and the total cohort are included in TABLE 3. Stratification of the cohort by age (FIGURE 3) revealed different weightchange trends throughout the study period in the control group, with more weight gain demonstrated among women aged 50 to 59 years (mean, 1.2 kg), relative to those aged 60 to 69 years at baseline (mean, −0.4 kg) and a tendency toward weight loss in those aged 70 to 79 years (mean, −2.2 kg). Mean weight change from baseline was significantly different (ie, lower) in the intervention group than in the control group through year 7 for women aged 70 to 79 years and through year 8 for the 2 younger age strata. Because of the trend toward weight loss in the older control women, analyses also were performed by eliminating the older age group; mean weight-change differences between control and intervention were 2.2 kg at year 1 and 0.6 kg at year 9 (data not shown). Stratification by baseline BMI showed that although the normal-weight (BMI Ͻ25) women in the control group tended to gain more weight (mean,1.4 kg) than the obese women (BMI Ն30), the differences in weight change between the intervention and 
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In comparing quintiles of change in percentage of energy intake from fat at follow-up compared with baseline for the participants, a clear relationship was observed between a change in percentage of fat and weight change in the intervention and control groups; those women with the greatest reduction in fat intake had the largest weight loss (FIGURE 5) (P for trend Ͻ.001 in both the intervention and control groups in models with and without adjustment for baseline energy intake). Those in the fifth quintile, who had at least a 3% increase in fat intake, showed an average weight gain.
Similar analyses for changes in intake of vegetables and fruits showed a trend in both groups for more weight loss with increasing servings of vegetables and fruits, except for the first quintile of individuals, who had reduced vegetable and fruit servings (P for trend = .005 and .02 for intervention;
P=.02 and .03 for control for both models, respectively). A similar analysis for change in fiber intake showed a significant trend for increasing weight loss in the intervention group with increasing fiber (P = .002 and .10, respectively), which was not demonstrated in the control group (P = .24 and .52, respectively). Analyses examining weight change with changing percentage of energy from carbohydrates showed a trend toward decreasing weight in those with the greatest percentage of increases in carbohydrate intake (PϽ.001 for both intervention and control groups); no significant trends were observed with changes in protein intake for intervention women; however, there was a statistically significant trend for control women (PϽ.001).
In a multivariate model that included age, BMI, race and ethnicity, and changes from baseline to follow-up in percentage of energy from fat, vegetables and fruits, and fiber, weightchange differences between the inter-vention and control groups were significant (P = .001) and were significantly related to reduction in percentage of energy as fat (PϽ.001) and increased total fiber intake (P=.001) (TABLE 4) . Results from the multivariate modeling using the inverse selection probability weighted method to address the issue of missing data yielded slight differences at the fourth decimal place for a few parameter estimates and P values.
Data on change in physical activity data were available for approximately one third of the participants. When change in physical activity was included in the multivariate model, weight-change differences between the intervention and control groups during the study period remained significant (P =.001). We examined changes over time in waist circumference, and slight increases occurred in both the intervention group and the control group (Table 3) ; waist increases were less in the intervention group (P =.04). Intervention
Control
Error bars indicate 95% confidence intervals. *PՅ.05 and Ͼ.01 for control group minus intervention group difference. †PՅ.01 and Ͼ.001 for control group minus intervention group difference. ‡PՅ.001 for control group minus intervention group difference.
Analyses that excluded women who had a malignancy at baseline (n= 2139) or developed a malignancy during the study (n= 4258) did not substantially alter the pattern of weight change (data not shown).
Finally, analyses were conducted in individuals who reported diabetes at baseline (n= 2948), and the same 
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COMMENT
The WHI Dietary Modification Trial provides a unique opportunity to evaluate whether the adoption and maintenance of a lower-fat eating pattern that incorporates higher carbohydrate intake in the form of vegetables, fruits, and grains is associated with weight change, particularly in the absence of any focus on weight loss or total calorie reduction. Results show that after losing 2.2 kg in the first year, women in the intervention group maintained a modest weight loss, compared with the control group, during an average 7.5 years of follow-up and showed no increase from their baseline weight at any point during the study. Weights in the intervention group were lower than those of the control group, who followed their usual eating pattern during the follow-up period, suggesting that a low-fat dietary pattern may help attenuate the tendency for weight gain commonly observed in postmenopausal women. Some modest weight loss was observed in all ethnic groups during the initial years of the intervention; despite attenuation of the differences in weight between the intervention and control groups as the study progressed, there was no evidence of adverse effects on weight in the intervention women in any ethnic group. The difference in magnitude of response among ethnic groups is difficult to interpret, given that nonwhites are represented in much smaller numbers and may not be representative of specific ethnic populations. Stratification by initial body weight showed no differences in the effect of this dietary pattern among obese, overweight, or normal-weight women. Stratified analyses by age showed that the weight of women in the intervention group remained significantly lower than the weight of women in the control group in all age strata. In the control group, the younger (50-59 years) women tended to gain the most weight, 
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Error bars indicate 95% confidence intervals. Numbers at baseline for intervention and control were BMI Ͻ25, 5072 and 7585; BMI 25-29.9, 6940 and 10 446; and BMI Ն30, 7442 and 11 126, respectively. BMI was calculated as weight in kilograms divided by height in meters squared. *PՅ.05 and Ն.01 for control group minus intervention group difference.
†PՅ.01 and Ͼ.001 for control group minus intervention group difference. ‡PՅ.001 for control group minus intervention group difference.
whereas older (70-79 years) women tended to lose weight throughout the course of the trial. Overall, the weight gain in the control group during the 9 years was less than published trends, probably because of the older age and stable trial cohort. Because the intervention involved a combination of dietary changes, we sought to determine which of these might be related to the weight changes and weight differences that were observed. Weight loss from baseline through the follow-up period was greatest among women who had the greatest decrease in percentage of energy from fat; the small number of women who increased percentage of energy from fat during the study showed weight increases. Similarly, there was a trend for greater weight loss in the participants who made the largest increase in their numbers of vegetable and fruit servings consumed daily. A nonsignificant trend was observed toward weight loss with increasing fiber intake. Although analyses were conducted on the whole study cohort, including individuals with chronic disease at baseline or follow-up, removing those with a diagnosis of malignancy from the analysis did not significantly change the results. We also performed analyses separately in women who reported dia-betes at baseline, and the patterns were similar.
Recommendations from several national organizations have focused on overall health benefits of dietary change (eg, reduction in cardiovascular disease or cancer), rather than weight control, and have emphasized reducing saturated and total fat and increasing complex carbohydrate intake. Proponents of recent popular diet regimens [8] [9] [10] have suggested that these dietary recommendations have contributed to the weight gain that has occurred in the United States during the past 4 decades.
Overall, this large randomized trial demonstrates that dietary recommendations for reducing fat and replacing it with vegetables, fruits, and grains do not increase body weight, which implies that guidelines that restrict fat intake and advocate increases in complex carbohydrates have not been a contributing factor to the weight gain that has been occurring in the United States throughout the past several decades.
Three additional studies support weight-loss effects of ad libitum lowfat dietary intake. A study that included reduced fat intake in postmenopausal women after breast cancer diagnosis showed similar results, with small losses in weight. 29 In the Polyp Prevention Trial, intervention-control reductions in body weight were observed in men and women after 4 years of a low-fat, high-fiber dietary intervention, 30 and in the WHI Feasibility Study, weight loss was observed after 6 months. 17 
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Error bars indicate 95% confidence intervals. *P for trend in both groups Ͻ.001; R 2 = 0.007 for intervention group, 0.002 for control group. †P for trend = .005 for intervention group, .02 for control group; R 2 = 0.002 for intervention group, 0.0004 for control group. ‡P for trend = .002 for intervention group, .24 for control group; R 2 = 0.002 for intervention group, 0.0002 for control group. Most governmental and diseasespecific organizations [11] [12] [13] now recommend a dietary pattern balanced in macronutrients, with fat between 20% and 35% of calories and total carbohydrates between 45% and 65% of energy intake as the optimum diet, coupled with energy restrictions when weight loss is indicated. 23 Because this trial was not designed to evaluate relative effectiveness of diet composition on caloric reduction or weight loss or maintenance, it cannot definitively establish an optimum fat intake, but rather it provides evidence that restricting fat intake does not lead to weight gain. Thus, it is likely that weight-loss diets throughout a relatively wide range of fat intake may be effective as long as calorie intake is restricted.
The strengths of this study are its randomized design, long-term follow-up, large numbers of participants, diversity of ethnicity and socioeconomic status, and high retention rates. An important limitation of these analyses is that only postmenopausal women aged 50 to 79 years were studied; however, there is no reason to assume that these findings cannot be extrapolated to younger individuals and both sexes, although studies in other groups are needed to support any extrapolations. The exclusion of women reporting more than 32% fat intake at baseline resulted in a truncated sample, with average fat intake in the intervention group being reduced from 39% at baseline to 25% at year 1 and 30% at years 5 through 7, and carbohydrate intake increasing to 57% and 53% at year 1 and years 5 through 7. Because trends showed that weight loss correlated with fat reduction, it is likely these data can be extrapolated to persons who achieve lower fat and higher carbohydrate intake.
An important issue is that food intake was based on an FFQ; major limitations include bias caused by selfreport 31 and the need to recall food intake throughout a 3-month period. In addition, the database available for the analyses in this article did not allow the separation of carbohydrate intake into the percentage of sugar or simple vs com-plex carbohydrate. Finally, although data were adjusted for energy intake, the FFQ is not sufficiently reliable to allow evaluation of the potential effects of changes in caloric intake; in addition, our validation study suggested that baseline percentage of energy from fat may be overestimated by 2% to 3% because of the use of the FFQ in eligibility screening. 20, 32 An ongoing nutrient biomarker study using doubly labeled water in a subset of the women will allow calibration of energy consumption from the FFQ and thus provide a reliable way to assess the magnitude of differences between the control and intervention groups.
In summary, the results of this longterm trial of diverse postmenopausal women demonstrate that long-term recommendations to achieve a diet lower in total and saturated fat with increased consumption of fruits, vegetables, and whole grains, and without focus on weight loss, do not cause weight gain. Long-term effects of this dietary pattern on other health outcomes will be available after confirmation of end points and data analyses are completed, and long-term weight-loss studies designed to compare hypocaloric diets of varying macronutrient intake will be needed to establish the relative merits of different weight-loss regimens.
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